Abstract. Ground beetles (Coleoptera: Carabidae) are the largest family of adephagan beetles. Their role in natural pest control is important due to their predatory polyphagous nutrition and bioindicative value since they are sensitive to environmental and anthropogenic changes. Therefore, the main objectives were to understand how common arable cropping systems in Croatia affect ground beetles abundance in respect to the environmental conditions. We hypothesized that environmental specifics (soil type and structure, climatic conditions) together with cultivation measures (tillage and insecticide application) would affect ground beetle activity and abundance. The research was conducted in two locations Lukač, Virovitica -Podravina County and Tovarnik, Vukovar -Sirmium County. Ground beetles were collected weekly, from May to September 2015, by epigeic pitfall traps and endogeic perforated probes from fields sown with typical arable crops in these areas. In total, 2,582 ground beetle individuals were collected using epigeic traps, and 323 ground beetles were collected using endogeic traps. Significantly lower ground beetle abundance has been recorded in Tovarnik than in Lukač. The crop and cropping history affect the abundance through modification of environmental conditions (soil characteristics, microclimate factors such as temperature and humidity), as well as trough disturbance factors such as tillage schedules and harvest/sowing schedules.
Introduction
Ground beetles (Coleoptera: Carabidae) with over 40,000 species are the largest family of adephagan beetles (Lövei and Sunderland, 1996) inhabiting arable crops all over the world (Kromp, 1999) . They are often used in cultivation experiments because they are one of the most abundant and diverse groups overwintering within cultivated fields (Holland and Reynolds, 2003) . Ground beetles are bioindicators of agroecosystems quality (Cole et al., 2002; O´Rourke et al., 2008) and can be good ecological indicators of environmental change (Thiele, 1977; Maelfait, 1990) . In term of environmental quality, arable land presents an anthropogenically influenced, unstable and devastated biotope with low contribution to farmland diversity (Baranová et al., 2013) . Environmental change can cause a different kind of effects on the indicator species, including physiological changes or changes in species number and abundance (Raino and Niemelä, 2003) . Increase or decrease of ground beetle abundance might be directly caused by the change in many abiotic and/or biotic factors (Blake et al., 1996) . These factors include temperature and humidity (Lövei and Sunderland, 1996) , soil characteristics, land heterogeneity and agricultural measures such as tillage, crop type, In this study, the main objectives were to understand how common arable agroecosystems affect ground beetles populations in respect to the environmental conditions. We hypothesized that, within a region, environmental specifics (soil type and structure, climatic conditions) together with cultivation measures (tillage, insecticide application) would affect ground beetle activity and abundance. To test this hypotheses we compared ground beetle abundances and population dynamics in different arable agroecosystems in two different management regions.
Materials and methods

Sample sites
Ground beetles were collected during the arable crop growing season 2015 in two different counties of Croatia representing two distinct climatic and edaphic areas: Lukač (Virovitica -Podravina County) and Tovarnik (Vukovar-Sirmium County). In each county four fields with different cropping history were chosen for ground beetle trapping. The fields were chosen to represent common cultivation and crop rotation practices as well as the agro-technical measures in both areas. Since the soil type and soil characteristics differ between locations, the tillage is adapted to the given conditions. In Virovitica -Podravina County soils contain a great amount of fine sand and coarse silt which requires conservation tillage. This means that autumn ploughing on a depth of 20 -25 cm is followed by the furrow closure for moisture conservation in spring. In Vukovar -Sirmium County soil contains a great amount of clay which requires deeper autumn mouldboard ploughing (30 -35 cm) . Chisel ploughing and tillage with the rotary harrow in spring and after harvest are usually followed by disk harrowing and again chisel ploughing. Characteristics of sample sites are introduced in Table 1 .
Climatic and edaphic factors
Climate data used in this study (i.e., mean weekly air temperature, mean weekly soil temperature and the total amount of rainfall per week) were obtained from the Croatian Meteorological and Hydrological Service for the sampling period and analyzed per field site for period from May to September, 2015 (19th to 38th week of the year). From the fields at investigation area, soil samples were taken from the depth of a plow layer (30 cm) and regional physical and chemical soil properties have been analysed. Performed pedological procedures are explained in details in Kozina et al. (2015) . Plant abundance is measured by plant cover, i.e., the relative projected area covered by a species (Kent and Coker, 1992). In our study, we used data from Kisić et al. (2005) about the percentage of plant cover, which are characteristic for part of Croatia where our study was conducted. 
Ground beetle trapping
Epigeic covered pitfall traps and endogeic perforated probes were used to collect adult ground beetles. On each of four fields on both locations four pitfall traps and four perforated probes (WB PROBE II ® Trap, Trece inc.) were placed. Polythene pots (Ø=12 cm, h=18 cm) were incorporated 18 cm into the soil and covered with PVC roofs (Ø=16 cm) approximately 2-4 cm above ground level. Four pitfall traps were placed into the center of the each field at 50 m apart and 100 m away from the field edges to minimize the edge effect on ground beetle catches. Each trap was half filled with salted water (20% solution) for captures conservation, with the addition of few drops of detergent to reduce the surface tension (no other chemicals were added). Trapping was performed from the 19th to the 38th week of the year. Perforated PVC probes were placed at 10 m distance from each pitfall traps and also inspected once a week. During weekly observation period, all ground beetles caught were collected from the traps and counted. For identifying ground beetles following keys were used: Auber, 1965; Bechyne, 1974; Harde and Severa, 1984) .
Data analysis
Meteorological data (mean air temperature, mean soil temperature and the total amount of rainfall), the physical and chemical properties of the soil, and the average number of collected ground beetles were analyzed by a one-way analysis of variance (ANOVA; Gylling Data Management, Inc., USA, ARM 9® GDM software, Revision 9.2014.7.). A Tukey's posthoc test was used to establish climatic and edaphic differences among the fields and between the investigated areas. Where appropriate, data were √(x+1) transformed. The ground beetle trapping results using both endogeic and epigeic traps for the selected intervals are presented as a mean number of individuals caught per field per week as a function of percent of ground cover with culture on every field. Ground beetle population dynamic results for the selected intervals are presented as the total number of ground beetles caught per traps (epigeic and endogeic) per field per week as a function of the average weekly air temperatures (°C), total weekly precipitation (mm) and average weekly temperature of soil (°C) at a depth of 10 cm. Values were determined from 19 th to the 38 th week of the year for epigeic caches, and from 22 nd to the 38 th week for endogeic caches.
Results
Climatic and edaphic factors
The both investigated locations were classified as belonging to the Cfwbx climatic type of the Köppen classification system (Penzar and Penzar, 2000) , where temperate/mesothermal climates (Cf) with dry winters (w) dominate. In spite belonging to the same climatic type, locations in this research differ according to the climatic conditions. Significant differences in mean air and soil temperatures occurred as did the total amount of rainfall ( Table 2) . Edaphic conditions differ among locations also. Significant differences in the share of fine sand, fine silt, clay and pH values occurred. A detailed description of the regional physical and chemical soil properties are given in 
Ground beetle trapping
In total, 2,582 ground beetle individuals were collected using epigeic traps, and 323 ground beetles were collected using endogeic traps. Generally, significantly lower ground beetle abundance on all four fields in both types of traps has been recorded in Tovarnik than in Lukač ( Table 4 and 5). In the whole sampling period, only one ground beetle has been collected with an endogeic trap on one out of the four fields in Tovarnik. Although slightly higher number of ground beetles was collected in Tovarnik on the field 3T, analyzing epigeic caches no significant difference among fields was recorded ( Table 4) . At location Lukač significantly higher epigeic caches occurred on field 3L comparing with other three fields. There have been no significant differences between caches on 0L, 1L and 2L fields. Similar results occurred with caches by endogeic traps ( Table 5) . At field 3L significantly highest abundance occurred, while at other fields differences exist but not significant. At field 0L the lowest ground beetle abundance has been observed.
Generally, the highest ground beetle abundance was recorded at field 3 (sugar beet sown three years ago) on both locations using both trap methods. The lowest ground beetle abundance was recorded at field 0 (sugar beet field) on both locations ( Table 4 and (Figure 2a) . At location Tovarnik caches in all period were low. Slight population increase in epigeic caches was observed from 23 th till 28 th week, and again from 34 th till 37 th week (Figure 1b) . Only one ground beetle was collected with endogeic trap at location Tovarnik (Figure 2b ).
Figure 2a and b. Number of collected ground beetles per week in Lukač and Tovarnik by endogeic traps in respect to the weekly precipitation and temperature
The relationship between the number of collected ground beetles per week and percentage of plant cover in investigated period on both locations was evaluated (Figures 3 and 4) . Generally, the total ground beetle caches per week were higher in winter crops which were sown in autumn previous year, comparing with sugar beet and maize which were sown in spring after long bare soil period (Figures 3 and 4) 
. Ground beetle dynamics in relation to plant cover in Tovarnik
Discussion
This is the first detailed study in Croatia aimed at understanding how intensive arable crop production with their environmental and management specificities affects ground beetle communities. The abundance of the endogeic and epigeic ground beetles generally differed according to climatic and edaphic factors and specific environmental http://www.aloki.hu • (i) The catches at locality Tovarnik were lower comparing to the catches at locality Lukač. The difference in the total catches between localities could be influenced by climatic conditions. Although the investigated localities are situated in the same climatic regions according to Koppen classification (Penzar and Penzar, 2000) , the difference in climatic conditions during the investigation were established. At the location Tovarnik the growing season was characterized by exhibiting significantly higher mean air and soil temperatures than in Lukač ( Table 2) . At the location Lukač, the total amount of rainfall in the same period was significantly higher than in Tovarnik ( Table 2) . Presented results of ground beetle population dynamics shown that population increase follows air and soil temperature decrease. According to these information ground beetles seems to prefer humid areas and periods with lower air and soil temperatures. The ground beetle microclimatic preferences are far from uniform (Thiele, 1977) concretely, woodland species prefer dark and humid sites, whereas field species prefer warm and dry sites. Since we established higher ground beetle population at more humid and less warm locality we shall consider other factors which could influence the population level.
(ii) The difference in the total catches between localities could be influenced by edaphic conditions. Soils in Tovarnik have a significantly higher proportion of clay while soils in Lukač have a significantly higher proportion of fine sand and fine silt ( Table 3 ). There are also differences in pH values between these locations. Tovarnik has neutral to slightly basic soils while Lukač has acidic to slightly acidic soils ( Table 3) . The content of humus on both locations was similar. Higher ground beetle abundance recorded at location Lukač is opposite to statements of previous researches (Barbercheck, 1992; Benitez et al., 2014; Hong et al. 2007; Turpin and Peters, 1971) who found that large proportion of sand could have a negative impact on larval survival. We can conclude that pH value and soil structure have the great influence on ground beetle abundance in our survey. According to edaphic factors prevailing at investigation areas ground beetles prefer slightly acidic soils with a great amount of fine silt and a small proportion of clay.
(iii) The intensity of ploughing was the main agro-technical difference between the studied locations so could be the cause of differences in ground beetle catches. The fields in Tovarnik were ploughed more often and on greater depth than the fields in Lukač. Ploughing is known that significantly influences psycho-chemical and biological soil properties and, along with other factors affects the abundance of various invertebrates (Vician et al., 2015) . Generally, invertebrates tend to be enhanced under conservation tillage conditions because of reduced soil disturbance, increased surface residues and greater weed diversity. According to previous studies, higher ground beetle trapping rates were recorded on fields with reduced tillage or no tillage at all compared with conventionally tilled ones (House and All, 1981; Blumberg and Crossley, 1983; House and Stinner, 1983; House and Parmalee, 1985; Ferguson and McPherson, 1985; Stinner et al., 1988; Tonhasca, 1993) . Presented results of this study confirm previous statements, meaning that conservation tillage, such as conducted on fields in Lukač, suit better to ground beetles survival than conventional tillage measures that are common in Tovarnik.
(iv) The soil factors are greatly influenced by weather conditions and ploughing but also are affected by crops growing at the specific area. Previous studies have shown that http://www.aloki.hu • crops affect ground beetles through modification of microclimatic factors, and trough disturbance factors such as harvest and tillage schedules (Thiele, 1977; Holland, 2002 Although no ground beetle species appears to be strictly bound to a certain crop, early agro-ecological studies in Europe reported a general difference between ground beetle abundance distributions in winter cereals versus root crops (Heydemann, 1955) . The highest ground beetle abundance on fields 3T (wheat) and 3L (oilseed rape) can be affected by the characteristic of present crop but also can be the result of the specific crop rotation. O´Rourke et al. (2008) stated that thick stand crops, especially those which were sown in autumn, may provide important refuges for ground beetles in comparison with crops which were sown in spring. Wheat and oilseed rape sown at fields 3L and 3T in our survey confirm the importance of crop habitat for supporting ground beetle populations. These are overwintering crops which provided less extreme microhabitat in spring and created positive conditions for ground beetle survival.
(v) Beside crop specifics (thick stands and seasonal character), which obviously had great influence on abundance, a very long bare soil period can also be a significant factor that affect ground beetles. Our results confirm the statement of Kromp (1999) that very long period of bare soil in spring in sugar beet and maize crops ( Table 1 ) present extreme soil surface microclimate which has a negative influence on ground beetle abundance. In root crops, the long period of bare soil in early spring creates a rather extreme soil-surface microclimate (high temperatures and insolation during the day), which changes with ongoing crop development towards being shadowy and humid. In winter cereals, the less extreme microclimate already established in early spring creates favorable conditions for ground beetles (Komp, 1999) . Both locations in our study, where sugar beet was sown, have a period of bare soil for 7 months (0T) and 9 months (0L) which present exceptionally long period without plant cover. The low caches on these fields can be explained with extreme soil surface microclimate as a consequence of long bare soil period.
(vi) Our results shown correlation between plant cover and ground beetle catches since we recorded higher total ground beetle caches per week in winter crops which were sown in autumn previous year, comparing with sugar beet and maize which were sown in spring after long bare soil period.
(vii) Results of this study have also emphasized the influence of fertilization and insecticidal management practices on ground beetles. Generally, the fertilization was more intensive in Lukač, while insecticide treatments were more intensive in Tovarnik. Considering greater ground beetle abundance in Lukač than in Tovarnik our results confirm previous studies where has been concluded that insecticides have negative influence on the ground beetle populations (Asteraki et al., 1992; 1995) . For the full conclusion of insecticide influence on ground beetles more detailed investigation should be conducted. Fertilization was considered to decrease ground beetle abundance exclusively when was applied with the high amount of nitrogen as mineral fertilizer (Kromp, 1999) . The levels of nitrogen applied in all fields are compatible with permitted levels according to integrated plant production in Croatia (EU Directive 2009/128/EC) which provides minimal negative influence on all beneficial fauna. Organic manure has not been applied at investigated fields so possible positive effect http://www.aloki.hu • (viii) At both locations, the crops have been grown in four-year crop rotation. The main focus in our survey was on sugar beet and its rearing in crop rotations on both locations due to the fact that, in Croatia, sugar beet is most intensive culture considering agro-technical measures and pest protection requirements. As it was presented in Table  1 , fields where sugar beet was grown in 2015, underwent the most intensive tillage, fertilization and insecticide treatments (seed treated with neonicotinoids). As presented in Tables 4 and 5 , our results shown the lowest ground beetle abundance on the sugar beet fields (0L and 0T) which is in accordance with results of Mullin et al. (2010) and Kos et al. (2013) who demonstrated the negative effect of neonicotinoids applied as a seed treatment on ground beetles. In Vukovar -Sirmium County besides seed treatment, three additional insecticide treatments have been applied on the sugar beet field 0T (Table 1 ) what may have additional negative influence on ground beetle abundance. Therefore, we estimated that sugar beet cultivation has the greatest negative influence on ground beetle populations but with the assumption that abundance can be restored in the years after sugar beet growing. Indeed in the years after sugar beet (fouryear crop rotation: see detailed in Table 1 ) the ground beetle abundance increased.
Conclusions
Intensive agricultural production of arable crops generates different degrees of disturbances in the ground beetle life cycle trough specific environmental and management conditions. Clearly, there is more than just one factor which could significantly change the abundance of ground beetles. Sugar beet cultivation, which implies particularly intensive tillage and insecticide application, reduces ground beetle abundance, whose number recovered after the four-year crop rotation. It is shown that the arable agroecosystems influence the ground beetle community through the modification of environmental conditions (soil characteristics, microclimate factors such as temperature and humidity), as well as through disturbance factors such as tillage schedules and harvest/sowing schedules.
